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FOREWORD

Among the responsibilities assigned to the Office of the Manager, National
Communications System, is the management of the Federal Telecommunication
Standards Program. Under this program, the NCS, with the assistance of the
Federal Telecommunication Standards Committee identifies, develops, ana
coordinates proposed Federa) Standards which either contribute to the
interoperabiiity of functionally similar Federal telecommunication systems or
to the achievement of a compatible and efficient interface between computer
and telecommunication systems. In developing and coordinating these standards
a considerable amount of effort 1s expended in initiating and pursuing joint
standards development efforts with appropriate technical committees of the
Electronic Industries Association, the American National Standards institute,
the International Organization for Standardization, and the International
Telegraph and Telephone Consultative Committee of the International
Telecommunication Union. This Technical Information Bulletin presents an
overview of an effort which is contributing to the development of compatible
Federal, national, and international standards in the area of digiul
facsimile standards. It has been prepared to inform interested Federal
activities of the progress of these efforts. Any comments, inputs or
statements of requirements which could assist in the advancement of this work
are welcome and should be addressed to:

Office of the Manager
National Communications System
ATTN: NCS~TS

Washington, D.C. 20305
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1.0 INTRODUCTION

This document summarizes work performed by Delta Information
Systems, Inc. for the office .0f Technology and Standards of the
National Communications System, an organization of the U.S.
Go§ernment, under Modification P00006 to Contract DCAl00-80-C-0042.
The Office of Technology and Standards, headed by National
Communications System Assistant Manager Marshall L. Cain, is
responsible for the management of the Federal Telecommunications
Standards Program, which develops telecommunication standards
whose use is mandatory by all Pederal agencies. _

Under the basic contract DCAl00-80-C-0042 Delta Information
Systems has analyzed alternative resolutions for Group 4 facsimile.
The final report for this study was issued in August 1982, As
part of this invegtigation four test documents were scanned with
five condidate resolutions, and the results of all twenty scans
were printed. The test documents and resolutions used in this

study are listed below.

Test Images Resolutions
CCITT Image No. 1 200 lines/inch
CCITT Image No. 5 240 lines/inch
CCITT Image No. 7 300 lines/inch
Legibility Test Chart 400 lines/inch

480 lines/inch
After these 20 images were printed it was noted that several
pages had artifacts and noisy pels around the edges. These

artifacts were removed on subsequent projects in preparation for
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- the subject simulation study.
&The subject project has two basic tasks as listed below.

Tagk,l - Measure Modified READ II Compression « .
; It is generally agreed that the Modified READ II code is a
prime candidate for use in Grbup 4 facsimile equipment.: The
Modified READ II code is the same as the code defined in CCITT
Recommendation T.4 with the following exceptions.-
- K=Factor @®
- Minimum Scan Line Time 0
‘ - No end of line codes between scan lines
&\“\_ - Two end of line codes at the and of a transmitted page
‘ As part of Task 1, 30 computer simulation runs were performed
for every combination of the following three parameters.
70-Resolution (lines/inch) - 200, 240, 300, 400, 480;
) ©'CCITT Image No. - 1, 5, 7; A
| (7 Wesp Around - In, Qut .
~— Wrap Around refers to the technique where a run length is not
necessarily terminated at the end of a scan line. Instead, the
coding process is continuous from line to line.
Delta Information Systems measured compression two different

ways as listed below:
l. Compression Ratio - Total image pels/Transmitted bits

2., Total transmitted bits

)

G, b

Under this task, Delta Information Systems measured the bits/line

) and.
statistics for the fifteen images processed in Task l)m

. .




)‘Wummm@mW—ccxn Images 1, 5, 7. The

statistical data includes the minimum bits/line, maximum bits/

line, average bits/line, and standard deviation.
T L
Q_\\m?he test results for tasks 1 and 2 are included in sections

4.0 and 5.0 respectively. Sectionﬂéab-describes the wrap-around
algorithm which was simulated while section—éi%’provides an
overview of the computer program used in the simulation.
Appendices A and B contain the code listings for the program to
simulate the Mod READ‘II code with and without wrap-around -

respectively.‘~f
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2.0 MODIFIED READ CODE II ALGORITHM

-ﬁ No Wrap-Around

The algorithm for the basic Modified READ Code is
defined in CCITT Recommendation T.4 entitled "Standardization of
Group 3 Facsimile Apparatus for Document Transmission®. It is
generally agreed that a strong candidate for the Group 4 coding
technique is a variation of the Group 3 Modified READ Code.
Table 2-1 is a list of the parameters which differ for the two

algorithms,
Table 2-1

Comparison of Group 3 Modified READ Code and Potential
-@ Group 4 Modified READ II Code

Group 3 Modified
; T.4 READ
N Recommendation Code I
Minimum Scan Line Time 20 MS , 0 MS
K-Factor @ 200 1lpi 4 . vt
End of Line Code between
Scan Lines Yes No
No. of EOL Codes at End of Page 6 2

Note that in the MRCII code EOL codes are used to change
from the one-dimensional coding to the two~dimensional coding or
vice versa in addition to two EOL's at the end of the page. This
means that for the infinite K factor the first two code lines

] are preceded by EOL's.




Wrap-Around

The Wrap-Around option provides for images to be treated as
a continuous pel stream. in which the rightmost pel on 4 line is
followed immediately by the leftmost pel on the next scan line.
Otherwise the algorithm is the same as that for no wrap-around.
Both the reference line and the coding line continue into the
following line with no artificial transition added at line
boundaries. This procedure is repeated until end-of-page is
reached. That is, if the reference line is n and the coding
line is n+l, then the reference line is continued into n+l
and the coding line is continued into n+2. One consequence
of this procedure is that long runs in horizontal mode are

generated for a scquence of all one-color lines,
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fa 3.0 COMPUTER PROGRAM OVERVIEW
The computer programs: used to measure the compression
i of the Mod READ II code are described in this section. Two

different programs have been written, one for coding without

-

wrap—-around and the other with wrap-~around. Code listings of

these programs appear in appendices.

3.1 Computer Program without Wrap-Around

This program simulates both the encode and decode processes.
To initiate the simulation process, the operator must type in
a set of input parameters. Tbe insertion of the input parameters
is accomplished on an interactive basis with prompting. After
the data has been entered and the measurement parameters have
been selected, the first step in the simulation process is the

"ENCODE" function. This function detects color changes in the

input data and constructs the appropriate code word by table

4L DR

look=-up or algorithm. The encoded signal is reversed and fed to

i o

the decode function. The decoder basically performs the inverse

function of the encoder, generating a series of lines of image

pels. The simulation process provides a printout of all the

computed performance data as well as a summary tabulation of the

input parameters.
The following section describes the structure of the computer
program written to simulate the MRCII code. A brief description

of each of the functions/subroutines follows: -




. MRC2

'; - The MRC2 program controls the decoding process. The
simulation process is "decode driven;" that is, the main

p _ program controls the decode process which decodes a buffered line

§ of compressed data. When the contents of the buffer have been

: used up, a new line of data is encoded. The MRC2 program also

controls parameter input via the INIT routines, and reports _

B o T

ﬁ computed results.
e INIT2 .

! The INIT2 subroutine controls parameter input interactively,

prints a summary of the input parameters, and initialims variables.

GETL2

The GETL2 subroutine retrieves a number of requested bits from

the coded line and delivers the bits packed into a word (right

justified). End=~of-line codes (EOL) are detected. If the number
of coded bits requested by the calling program is not available,
the ENCD2 subroutine is called to provide them.
ENCD2

This subroutine supplies a line of compressed data. <Color
trangitionsg on an input line are detected bit-by-bit. Both
one-dimensional and two-dimensional lines are encoded depending on
the parameter K. The code word is generated by table look-up, or

algorithm, as appropriate, and added to the coded line buffer

via CODELN and/or CODENG,

CODELN
The subroutine CODELN is called by ENCDE to look up the




Y Y.

Modified Huffman Code (MHC) corresponding to a given run length
and color, and add the code word to the coded line buffer.
CODENG

The subroutine CODENG performs a similar functionfor the two=
dimensional case. Based on a particular feature, the appropriate
code word is generated by table look-up or algorithm and added to
the coded line buffer. All code tables for both one-dimensional
and two-dimensional codes are stored in.labelled common which is
initialized by a BLOCK DATA subprogram.
ONED2

The ONED2 subroutine decodes the MHC. It extracts a set of
n bits (n=3 initially) from the coded line and looks for a match
with all code words of length n, increasing n until a match is
found or the code table is exhausted. When and if a match is
found, the indicated bits are constructed on the output line.
TWOD2

This subroutine performs the same function as ONED2 for the
two-dimensional line. |
MI2B and I4B

The subprograms MI2B and I4B are used to pack and unpack

a gset of bits into (or from) an array of words.

3'-3
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3.2 Computer Program with Wrap-Around
Since the Wrap—-Around algorithm requires information from
many input lines at the same time, the structure of the program
degcribed in the previous section was not suitable for
modification to accomodate wrap-—-around. Also, since the programs .
are designed to operate in an error free enviromment, there is
no need to inject errors or decode the coded data in order to
measure compression. Therefore a new program was written to
accommodate wrap-around efficiently, without the decode function.
The modules included in this program are described below:
MRCW
The main program, MRCW, simply calls the initialization
and encoding routines and reports the results.
ENCDW
This routine performs the one-dimensional and two-dimensional
algorithms as required and builds the resultant code lines. Input
to this routine is obtaiﬂed from a list of black-white or white
black transitions stored in a circular list in memory.
GTRAN
The subroutine GTRAN scans the input irage data for
transition and adds the next transition encountered along the
scan line to the circular list called TRANS., Transitions are
added to the bottom of the list by GTRAN and taken from the top
of the list by ENCDW., One transition is added by GTRAN each time
it is called. Care must be taken to ensure that the list does

not go empty (TOP passes BOTTOM) or that the list overflows
(BOTTOM passes TOP).




B SN

INIT2
This subroutine is used to enter input parameters inter-

actively and to initialize variables., It performs the initial

£11l of the transition list,

CODNG & CODLN
These aubroutines perform the same functions as for the

no wrap—-around case, except that CODLN has been modified to

accomodate very long runlengths,

3 g
S NI 4o 4
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4.0 COMPRESSION DATA FOR THE MODIFIED READ CODE II

A computer program was written to measure the number of
transmitted bits/page for each of the three CCITT test documents
(1, 5, 7) at each of five resolutions (200, 240, 300, 400, 480 lpi).
The bits/pg was measured both with and without wrap-around as
the algorithms are described in section 2.0. The results of these
simulation runs are tabulated in table 4-1. The number of bits/
page and the compression ratio is listed for each combination of
test document and resolutién. The average for the three test CCITT
images is also provided. The compression ratio is computed by
dividing the number of pels in each test image by the number of
compressed bits/pg. The number of pels in each image is listed

below.
Resolution Pels/line Lines/image Pels/image
200 : 1,728 2,336 4,036,608
240 2,048 2,800 5,734,400
300 2,560 3,500 8,960,000
400 3,456 4,672 16,146,432
480 4,096 5,600 22,937,600

Figures 4-1 and 4-2 are graphs of the data in table 4-1
(without wrap-~around) for the compressed bits/page and the
compression ratio respectively. Note that the compression ratio
increases linearly as a function of resolution. Alsc note that
the compression ratio approximately doubles when the resolution
doubles. This causes the number of compressed bits/pg to also

double as the resolution doubles since the number of pels/image

4-1




COMPRESSION DATA FOR THE

i Table 4-1
: MODIFIED READ CODE II
{

. CCITT RESO- NO WRAP AROUND |WITH WRAP AROUND Y
, IMAGE LUTION o DIFF.
. MP. coMP.
3 LPI BITS RATIO BITS RATIO
:
Y
: 200 132,057 30.57 140,215 | 28.79 5.8
? " 240 156,932 36.54 170,073 | 33.72 7.7
ENGLISH 300 197,170 45.44 218,763 | 40.96 9.9
LETTER 400 271,040 | s9.57 | 308,496 | 52.34 12.1
480 326,525 70.25 | 386,287 | 59.39 15.4
200 229,256 17.61 | 230,370 |17.s2 .51
#5 240 273,023 21.00 | 574,976 | 20,85 71
| FRENCH
H JOURNAL 300 345,827 25.91 | 349,976 | 25.60 1.1 j
; | 400 467,330 34.55 | 476,159 | 33.91 1.8
480 570,354 40.22 [ s83,568 |39.31 2.2
200 531,782 7.59 | 534,039 |7.56 0.4
#7 240 628,491 9.12 | 631,118 |9.09 0.3
KANJT 300 783,644 | 11.43 | 788,697 |11.36 0.6
400 1,041,310| 15.50 |1,050,767 15.37 0.8
200 297,769 13.56 | 301,541 | 13.39 1.2 i
240 352,815 16.25 | 358,722 |1s5.99 1.6
AVERAGE 300 442,217 20.26 | 452,479 |19.80 2.3
400 593,226 27.22 | 611,807 | 26.39 3.0
480 719,888 31.86 | 748844 30.63 3.9

4-2
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increases by 4 to 1 as the resolution doubles.

The Wrap Around coding technique was chosen for analysis
with the anticipation that it might provide more compression
than the non wrap around technique. However, the data in table
4-1 shows that the compression for Wrap Around is consistently
poorer than the conventional Mod READ Code II (MRCII) algorithm.
The following paragraph examines the Wrap Around technique to give
some indication as to why the compression is reduced rather than
increased.

The conventional MRCII algorithm transmits an all white line
with one bit; this is very efficient. With Wrap Around the average
number of bits for a number of consecutive white lines is increased
to eight to ninteen per line depending on the resolution. It
is this inefficient consecutive all-white-line coding which is
primarily responsible for the poorer performance of Wrap Around.

Thg last column in Table 4-1 is a list of the percentages
by which the wrap-arcund compressions are reduced relative to the
non-wrap~around compressions. Notice how the percentage
reductions are far greater for the English Letter than they are
for the Kanji image. This is due to the fact that there are
more all-white lines in the English letter than there are in
the RKanji page. Also notice how the percentage generally increases
with resolution. This is due to the fact that the number of

all-white lines increase with resolution.

This inefficient white-line coding could be improved by
transmitting the number of extended runlengths of 2560 pels
instead of repeating the code for 2560. However that would require

a change to the MRC code table.

4-5




5.0 SCAN LINE STATISTICS FOR THE MODIFIED READ CODE II
The computer program which was written to measure the
compression of the Modified READ Code II also measured the
statistics for the number of bits per scan line for each of the
test documents. The following bits/line statistics were
measured for each of the test documents
o minimum bits/line
o maximum bits/line
o average bits/line
o standard deviation
Table S5-1 is a tabulation of these statistics for each test
document scanned at each of the five resolutions, Note that the
minimum bits/line for each simulation is 1. This occurs because
an all-white line is transmitted with one bit regardless of the
number of pels in the line. Also note that the average number of
bits/line and the standard deviation is relatively independent
of the resolution. This is due to the fact that the transmitted
bits per line is largely based upon the number of transitions
per lines and the number of transitions per line is independent
of resolution. T
The maximum number of bits/line varies over a relatively wide
range for different resolutions due to the totally different

locations of scan lines and sampling pels relative to the image.
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_ TABLE 5-1
b SCAN LINE STATISTICS FOR THE

' MODIFIED READ CODE II*

cCcITT ﬁﬁi?éu MINIMUM |MAXIMUM |AVERAGE |STANDARD
MacE | Iot BITS/y1ng |B1TS/y 1g | BT/ 1yg | PEVIATION
200 1 641 56.5 110.9 ;
; 240 1 594 56.0 110.7
{ #1
.’ -
§ ENGLISH 300 1 760 56.3 118.4
; LETTER R - -
. 400 Ah 1 680 58,0 115.3
|
: 480 1 659 58.3
200 1 907 98.1
240 1 778 97.5
45
FRENCH 300 1 755 98 .8
JOURNAL 400 1 1124 100.0
480 1 1256 101.8
200 1 507 227.6
$7
240 1 514 224.4
KANJI
300 1 530 223.9
400 1 559 222.9
480 1 605 225.5
* NO WRAP AROUND




APPENDIX A
CODE LISTING FOR THE MODIFIED READ

CODE II WITHOUT WRAP-AROUND

SUBROUTINE PAGE NO.
1. MRC2 A~-1

2. INIT2 A-7

3. ENCD2 A-1l1
4. GETL2 A-17
S. BLOCK DATA A-19
6. ONED2 A=25
7. TWOD2 A-28
8. CODNG A=-32
9. CODLN A-34

10. INOUT A-36

T
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APPENDIX B
CODE LISTING FOR THE MODIFIED READ
CODE II WITH WRAP-AROUND

SUBROUTINE PAGE NO.
1. MRCW B-1
2. INITW B-3
3. ENCDW B-7
4. GTRAN B-12
5. CODNG o B-15

6. CODLN N ) B-17
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